Traditional culture of Leishmania spp. is labor intensive and has poor sensitivity. We evaluated a microculture method for the diagnosis of cutaneous leishmaniasis in consecutive patients presenting to the Leishmaniasis Clinic at the Instituto de Medicina Tropical Alexander von Humboldt, Peru, for evaluation of skin lesions. Lesion aspirates were cultured in duplicate and parallel in traditional culture tubes containing modified Novy-MacNeal-Nicolle (NNN) medium or Roswell Park Memorial Institute medium 1640 with 10% fetal bovine serum (10% RPMI) and in 70-l capillary tubes containing a mixture of lesion aspirate and 10% RPMI. For sensitivity analysis, the consensus standard was considered to be a positive result in any two of the following four tests: Giemsa-stained lesion smear, culture, kinetoplast DNA PCR, or leishmanin skin test. The outcome measures were sensitivity and time to culture positivity. Forty-five patients with 62 skin lesions were enrolled in the study, of which 53 lesions fulfilled the consensus criteria for a final diagnosis of cutaneous leishmaniasis. Of these 53 lesions, 39 were culture positive: 38 in capillary tubes, 29 in traditional culture tubes with modified NNN medium, and 19 in traditional culture tubes with 10% RPMI medium. The sensitivity of microculture was 71.7%, versus 54.7% for traditional culture with NNN (P, 0.038) and 35.8% with 10% RPMI (P, <0.001). The mean times to culture positivity were 4.2 days by microculture, 5.2 days in NNN, and 6 days in 10% RPMI (P, 0.009). We have demonstrated that microculture is a more sensitive and time-efficient means of isolating Leishmania parasites from cutaneous lesions than traditional culture.
Cutaneous leishmaniasis (CL) is a major health problem in tropical and subtropical countries, affecting 1 to 1.5 million people annually (14) . Peru is one of the top 10 countries contributing to the worldwide burden of CL (16) . In Peru, the causative agent of CL is predominantly Leishmania (Viannia) braziliensis, though other related New World species, such as Leishmania (Viannia) peruviana, Leishmania (Viannia) guyanensis, Leishmania (Viannia) lainsoni, and Leishmania (Leishmania) amazonensis, can be isolated as well (5, 24) . Mucocutaneous leishmaniasis is mainly due to L. (V.) braziliensis, though it has been attributed to other species, including L. (V.) guyanensis (34) and L. (L.) amazonensis (24) as well. Thus, unlike Old World CL which does not progress to mucosal involvement, New World CL, caused by species other than Leishmania mexicana, necessitates treatment (8) . However, due to the toxicity associated with standard pentavalent antimonial therapy for New World CL, treatment initiation follows definitive diagnosis and treatment is not administered empirically. Thus, timely and definitive diagnosis is important for the appropriate management of CL. Definitive diagnosis of CL depends on the demonstration of parasites by direct microscopic examination of tissue aspirates, smears, or biopsies or culture of these specimens (16, 27, 35, 36) . Traditional culture methods have sensitivities in the range of 40 to 75% (2, 4, 6) , though combined with direct exam, this increases to 85% (8, 27, 31, 36) .
Molecular techniques such as PCR are promising, with diagnostic sensitivities on the order of 95% in acute lesions, but at present, their practical utility in clinical and field settings is limited by their high costs and infrastructural requirements and the lack of personnel trained to use them (27, 36) . While PCR-based detection of parasites in specimens is generally regarded as the most sensitive method for the diagnosis of CL and mucosal leishmaniasis (13, 15, 30, 38, 40) , it is rarely the only test that produces positive results (30, 40) . Thus, culturebased testing may be a more practical approach, particularly in underresourced settings. In addition to being more economical and accessible, cultivation has the advantage of isolating organisms for drug susceptibility testing, speciation, and genotyping, which are important in countries where infection with L. (V.) braziliensis can lead to mucosal disease and where diverse Leishmania species coexist.
Traditional culture methods consist of biphasic culture systems-blood agar with a liquid overlay that is sampled periodically throughout the incubation for the presence of motile promastigotes. Prolonged incubation (15 to 30 days) is often required (2) , as are large numbers of amastigotes in the culture inoculum (22, 29) , due to the relatively large volume of liquid overlay which must be sampled repeatedly. A newly developed microculture method (2) consisting of 70-l capillary tubes and single-phase liquid medium has the advantages of being less costly, due to the smaller volume of medium required and a 10-fold cost reduction between traditional culture tubes and capillary tubes, easier to prepare and use, and more sensitive, even when the parasite burden is low (1, 2, 17, 18) . This method, however, has been tested only in Old World species of Leishmania and has yet to be validated in Latin America (1, 2, 17, 18) , where difficult-to-culture species such as L. (V.) braziliensis are endemic.
We evaluated herein the microculture method by comparing it to traditional culture for the isolation of Leishmania parasites from cutaneous lesions of patients presenting to a specialized leishmaniasis clinic in Lima, Peru. Study population. Consecutive patients presenting to the Leishmaniasis Clinic for the evaluation of skin lesions were approached to participate in this study and screened for eligibility criteria. We included patients who were referred to the Leishmaniasis Clinic for suspected CL, had a clinical indication for skin scraping or aspirate, and were able to give verbal informed consent for the diagnostic procedure. We excluded patients with intercurrent bacterial or fungal superinfection of the ulcer and those undergoing active treatment for CL.
MATERIALS AND METHODS

Study
Sampling and culture of lesion aspirates. Skin lesions were cleansed with topical antiseptic and aspirated in duplicate by inserting a 20-gauge needle with a syringe containing 0.6 ml of sterile phosphate-buffered saline with 1,000 U/ml penicillin and 0.3 mg/ml streptomycin into the outer border and base of the lesion and vigorously aspirating tissue fluid as the syringe was rotated. Aspirated fluid was divided evenly in a biosafety cabinet under sterile conditions and inoculated in parallel and duplicate as follows: (i) 250 l into 16-by-110-mm flat-sided tissue culture tubes (Nalge Nunc International, Rochester, NY) containing either 3.0 ml modified NNN (Novy-MacNeal-Nicolle) medium (blood agar base, DIFCO catalog no. 245400) with 15% defibrinated rabbit blood or 3.0 ml Roswell Park Memorial Institute medium 1640 (RPMI 1640; Invitrogen Corp., Carlsbad, CA) supplemented with L-glutamine, 10% fetal bovine serum, 2 mM NaHCO 3 and pH adjusted to 7.3 (10% RPMI) or (ii) 50 l of a 1:1 mixture of aspirate and 10% RPMI into sterile, nonheparinized 1-by-75-mm capillary tubes (Chase Scientific Glass, Rockwood, TN). For the inoculation of capillary tubes, 200 l of aspirate was first mixed with 200 l 10% RPMI in a sterile Eppendorf tube. Following the inoculation, the capillary tubes were sealed with commercially available capillary tube sealant (Fisher Scientific, Ottawa, ON). The remainder of the sample was stored at Ϫ20°C for qualitative PCR testing. The cultures were labeled with the patient's unique identifier and the date of collection, incubated vertically at 22 to 26°C under standard atmospheric conditions, and independently examined by two different investigators every 1 to 2 days under an inverted microscope at 200ϫ magnification. The cultures were incubated and examined for 21 days before being considered negative. Positivecontrol cultures were inoculated as described for study specimens once weekly. Uninoculated negative controls were also set up once weekly.
Smears. Smears were obtained in order to quantify the amastigote burden in the lesion. After cleansing with topical antiseptic, lesion material was scraped from the ulcer base and border using a sterile lancet and spread on a glass slide. The slides were air dried, fixed in methanol, and stained with Giemsa. The slides were examined under light microscopy, and amastigotes were quantitated according to the method of Chulay and Bryceson (10) (density scoring: grade 0, no amastigotes per high-power field [hpf]; grade 1, 1 to 10 amastigotes per 1,000 hpfs; grade 2, 1 to 10 amastigotes per 100 hpfs; grade 3, 1 to 10 amastigotes per 10 hpfs; grade 4, 1 to 10 amastigotes per hpf; grade 5, 10 to 100 amastigotes per hpf; grade 6, Ͼ100 amastigotes per hpf). The lancets were stored at Ϫ20°C in 1.5-ml Eppendorf tubes containing 700 l 100% ethanol for qualitative PCR testing.
Isolation of kinetoplastid DNA (kDNA) from aspirates and lancets. Prior to DNA extraction, frozen aspirates were incubated at room temperature with 500 l of TE buffer (10 mM Tris-HCl, 1 mM EDTA) for 5 min to remove traces of blood and other contaminants. Subsequently, samples were centrifuged at 8,050 ϫ g for 10 min and the supernatant was discarded. Tissue traces were removed from stored lancets using sterile micropipette tips and transferred to microcentrifuge tubes. The kDNA isolation was performed with the phenolchloroform-isoamyl alcohol method as previously described (33) .
PCR. PCR was performed using a HotStar Taq DNA polymerase kit (QIAGEN, Lima, Peru). The final volume of the reaction mixture was 25 l. PCR conditions were as follows: 95°C for 15 min, followed by 35 cycles of denaturation at 94°C for 30 s, primer annealing at 55°C for 30 s, extension at 72°C for 30 s, and a final extension step at 72°C for 10 min (iCycler iQ; Bio-Rad). Two pairs of primers were employed for this reaction. The first, specific for Leishmania subgenus Viannia, generated a product 70 bp long (23) ] ) 5Ј-CTTA GACCTCACCCTGTGGAGC-3Ј. These primers generated a product with a length of 197 bp. PCR products were visualized on 4% agarose gels (Promega, BioMOL, Lima, Peru) and stained with ethidium bromide.
Consensus standard. We defined a lesion to be due to Leishmania when any two of four tests were positive, where "tests" refers to the leishmanin skin test (which measures delayed-type hypersensitivity reactions to intradermal injection of a suspension of killed promastigotes), lesion smear, culture, and PCR. These four tests served as the consensus or "gold" standard against which each individual diagnostic test was compared.
Sample size calculation. Based on the results in the existing literature (27, 32, 35-37), we estimated the overall sensitivity of traditional culture methods to be 50% and the mean number of days to positivity for all lesion samples to be 15 Ϯ 10 (mean Ϯ standard deviation) days for traditional culture, versus 4.6 Ϯ 1.5 days for microculture. In order to detect a 50% increase in sensitivity with microculture (sensitivity of 75%) and a significant difference in time to positivity, assuming a distribution phase of 0.05 and a power of 80%, 62 lesions were required per group. For the sensitivity analysis, the aforementioned consensus standard was applied, and the unit of analysis was the lesion. Because multiple, anatomically distinct lesions in a patient's skin result from different bites (with the exception of "sporotrichoid" L. [V.] braziliensis infection), lesions were assumed to not be correlated within patients.
Statistical analysis. Descriptive statistics (mean, standard deviation, median, and range) were calculated for continuous variables, and differences were compared using one-tailed t-testing or, in the case of ordinally transformed, nonnormally distributed variables, the Mann-Whitney rank sum test. Differences in time to culture positivity were compared between groups by using one-way analysis of variance. Categorical variables were quantitated by proportions, and differences between the groups were compared using Yates' corrected chi-square analysis. Differences in sensitivities were compared using the z-test. Statistical analyses were performed using SigmaStat 2.03 software (SPSS Inc., Chicago, IL). The level of significance was set as a P of Ͻ0.05.
RESULTS
Forty-five patients with 62 skin lesions were enrolled in the study; 23 were males and 22 females. The median age was 26 years (range, 7 months to 87 years), and the median duration of exposure in the risk area was 48 months (range, 1 day to 87 years). Work in agriculture and residence in a region of endemicity were the principal risk occupations (31% and 29%, respectively). Students and tourists accounted for only 7% each of the cohort. The median duration of the lesions was 6.7 months (range, 3 weeks to 9 years). Twenty patients (44%) presented with multiple lesions, with a median number of lesions per patient of 1 (range, 1 to 9). Cutaneous and mucosal involvement was present in three study participants. The majority of skin lesions were ulcers (82%), with fewer lesions having a nodular or verrucous presentation (11% and 6%, respectively). The lesions were located primarily on the lower extremity (39%), face (32%), or upper extremity (21%).
With use of the consensus standard (at least two of four tests positive), 53 lesion samples fulfilled the criteria for a diagnosis of CL. Sixty lesion samples were positive by at least one test, 48 were positive by three or more tests, and 24 were positive by all four tests.
Culture. (i) Sensitivity.
Of the 53 lesion samples that were positive by at least two of four diagnostic tests, 39 were culture positive: 38 by microculture, 29 in traditional culture tubes with modified NNN medium, and 19 in traditional culture tubes with 10% RPMI medium. The overall sensitivity of microculture was 71.7%, while traditional culture had a sensitivity of 54.7% with NNN medium (P, 0.038) and 35.8% with 10% RPMI medium (P, Ͻ0.001) ( Table 1 ). The sensitivity of the pooled culture methods was 73.6% (Table 1) . When the individual patient was used as the unit of analysis, the sensitivities, 73.7%, 55.3%, and 34.2% in microculture, NNN, and 10% RPMI, respectively, did not change appreciably from the perlesion analysis and remained statistically significant.
(ii) Time to positivity. The mean time to culture positivity was 4.2 Ϯ 0.2 days by microculture (range, 2 to 10 days), 5.2 Ϯ 0.4 days by traditional culture with NNN medium (range, 3 to 14 days), and 6 Ϯ 0.8 days by traditional culture with 10% RPMI (range, 3 to 17 days) (P, 0.009) ( Table 2 ). When the individual patient was used as the unit of analysis, the mean times to culture positivity, 4.4 days, 5.4 days, and 6.9 days in microculture, NNN, and 10% RPMI, respectively, did not change significantly from the per-lesion analysis and remained statistically significant.
Lesions that were culture positive tended to be younger in age than lesions that were culture negative (4.7 months versus 12.4 months, respectively), though this trend did not achieve statistical significance (P, 0.099). There was no discordance in the results of positive and negative control cultures, nor was there evidence of bacterial contamination in any of the control or study specimens. The agreement between assessors was 100%.
Smears. Forty-five lesions were positive by Giemsa-stained smear, yielding a sensitivity of 84.9% (Table 1 ). In those lesions that were smear positive, the mean smear amastigote density was grade 2.4 (median, 2). In those lesions that fulfilled the consensus standard diagnostic criteria, the median smear density was higher in those that were also culture positive (density grade 3) than in those that were culture negative (density grade 1) (P, 0.001).
PCR. Fifty-seven lesion samples were positive by PCR (Fig.  1) , yielding a sensitivity of 94.3% (Table 1) . However, only 50 of those positive by PCR fulfilled the consensus standard diagnostic criteria, and so, for 7 lesions, PCR was the only positive test. Compared to the consensus standard, the specificity of PCR was 22% (Table 1) .
Leishmanin skin test. Forty-three lesion samples were from patients with positive leishmanin skin tests, yielding a sensitivity of 84.3% (Table 1) . In all patients with a positive leishmanin skin test, at least one other diagnostic test was positive. In the one patient whose final diagnosis was biopsy-confirmed sporotrichosis, the leishmanin skin test was negative.
DISCUSSION
We have demonstrated that the microculture technique offers a sensitive alternative to biphasic, traditional culture systems. Microculture demonstrated a 31% increase in sensitivity compared to traditional culture with NNN medium and a 100% increase in sensitivity compared to traditional culture with 10% RPMI medium. Traditional culture with monophasic 10% RPMI medium had the lowest sensitivity of the three methods compared in this study. RPMI 1640 medium supplemented with 10 to 20% fetal bovine serum has been shown to support amastigote-to-promastigote conversion, though with lower sensitivity than other traditional methods (1, 2, 17) , possibly due to the high content of dissolved oxygen in this type of culture system. Microaerophilic conditions and high CO 2 levels are permissive to amastigote-to-promastigote transformation (20, 21, 39) , hence the success of the microculture system (2). Traditional cultures of lesion aspirates, scrapings, and biopsy samples using NNN medium, Tobie's medium, Schneider's Drosophila medium, or M199 Leishmania culture medium typically have sensitivities that range from 40 to 75%, though this is somewhat species dependent, with L. (V.) braziliensis constituting one of the more difficult species to culture (32, 37) . While our qualitative molecular analyses did not allow for speciation, the positive cultures obtained likely reflect a mixture of L. (V.) braziliensis and the Andean L. (V.) peruviana. Follow-up studies which investigate the species-specific culturability of Leishmania in Peru would be most informative.
In addition to the improved sensitivity, the time to culture positivity was also reduced with microculture, which afforded a 1-day incubation savings over traditional NNN culture and a 2-day incubation savings over traditional RPMI culture. Standard pentavalent antimonial therapy for New World CL is potentially toxic; thus, treatment initiation only follows definitive diagnosis and treatment is not administered empirically. Pentavalent antimonials, including sodium stibogluconate and meglumine antimoniate, have toxic effects on the bone marrow, liver, and heart and can induce cardiac arrhythmias due to prolongation of the QTc interval (8, 16) . Early administration of systemic antimonial therapy in L. (V.) braziliensis endemic regions has been associated with a reduced risk of developing mucosal lesions (9, 19, 26) . A rapid turnaround time for diagnostic testing in CL is therefore critical to its appropriate management.
Rapid isolation of the causative organism will also facilitate more rapid species identification in centers where these capabilities exist. Species identification in countries like Peru, where multiple species cause CL, will likely become increasingly important due to species variation in response to therapy (11) . For instance, sodium stibogluconate results in a higher cure rate of cutaneous lesions caused by L. (V.) braziliensis than of those caused by L. mexicana (28) , the former of which is intrinsically more sensitive to the drug (3). Interspecific variability in response to other drugs, such as amphotericin B, miltefosine, pentamidine, paromomycin, and azoles, has been noted among New World species of Leishmania as well (11) . Rapid isolation and species identification may therefore inform the therapeutic decision-making process.
In our study, higher smear densities were associated with culture positivity, as has been reported previously (2, 35) . Giemsa-stained lesion smear, leishmanin skin testing, and kDNA PCR all proved to have diagnostic sensitivities and specificities on the order of what has been reported previously (7, 15, 25, 31, 37, 40) . While positive predictive values were high for all tests, indicating that positive tests are generally good predictors of disease, negative predictive values were poor for all assays, though highest with the leishmanin skin test and direct smear. Seven lesion aspirates from patients with suspected CL were positive only by kDNA PCR and were therefore considered negative, as they failed to fulfill the consensus criteria. While these "false positives" translated into poor specificity of the assay, it is possible that these results actually reflect the outperformance of kDNA PCR compared to the consensus standard in terms of sensitivity. As all seven patients were clinically suspected to have the disease, it is possible that kDNA PCR picked up levels of parasites below the threshold of detection for the other assays. In their comparison of several PCR assays for the diagnosis of CL, Bensoussan et al. similarly found that kDNA PCR had the greatest sensitivity, which led to several specimens being positive only by this test (7) . Thus, the seven PCR-positive, consensus-negative lesion samples in our study may actually represent CL. In addition to these seven "false positives," there were three lesion samples that were PCR negative but consensus standard positive. It is possible that the causative organism in these cases was not a member of the L. (V.) braziliensis complex to which the kDNA PCR primers were specific. Infection caused by either L. (V.) lainsoni or L. (L.) amazonensis, both endemic in Peru, would not have been picked up by the kDNA PCR employed in this study. We had no cases of false-positive leishmanin skin tests, even in the setting of sporotrichosis, which has been associated with false-positive delayed-type hypersensitivity reactions to Leishmania antigen in Latin America (12) .
While culture was the least-sensitive diagnostic methodology employed in this study, until such a time occurs that molecular speciation directly from cutaneous lesion aspirates and scrapings is free of current economic and logistical barriers, culture will remain a necessary diagnostic complement to other assays, such as smear and skin testing, both of which are limited by their failure to isolate organisms for further testing. Microculture has been consistently demonstrated to be more sensitive and economical-from a cost and time perspective-than traditional culture techniques used for the diagnosis of Old World species of Leishmania (1, 2, 17, 18 ). The work reported herein supports the utility of microculture for the isolation of Leishmania parasites from cutaneous lesions in the New World as well.
